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- ImKwM C0MPLEX C ^ " ANTIGEN IN A VACCINE AGAINST AN 

This invention relates to vaccines against 
immunodeficiency viruses. 9 

5 successful ^ccL^ ^ PeSSi » is » th. prospects for a 

uccessful vaccine against AIDS. The obstacles have often 

i a nfe e cT " ^ inSUP - bl - - Effective vaccin^t p^ent 
infection by a virus which destroys CD4* cells whi C h PreV£mt 

cix-r». Md M11 - MSKia « virus . f ; h n n:j a n n d — 

^uno d e fi c« nc iru (SIV) . Mcaque aodel> deveioped 

A . was adopted by the United Kingdom MRC AIDS Directed 
Programme Wlth the Primary objective of estabi ( i.„ • " ed 
» vaccination was feasible and Lt these obst-leTtl Lc" 

could be overcome. " es to success 

Ke have now demonstrated that a major 
histocompatibility complex (MHC) class u „„,.< 
animals in the Slv ^ antigen can protect 

20 provides I class II "t ^ * ccorti »»^. «- invention 

the human or an La ^ * ^ 3 " — nt o f 

vaccine against an ^Z 0 7J7<Z v^"" 1 " ^ " ' 

' c om inVention als ° Provides a pharmaceutical 

composition comprising a pharmaceutical^ acceptable • 

25 diluent and. as active ingredient, a class ii anj""" " 

invention further provides use of a „hc class XI 
manufacture of a medicament for use Ts a / *" the 

immunodeficiency virus. vaccine against an 

30 The antigentyt:::^: iirizv sv" 11 anti9en - 

such as the HLA-DR4 antigen Thei !r T " "~° R a " ti9en 

obtained in purified Lrm. ^ ~ "* ~ 

recombinant proteins. 

3S Presented b^ec^nsT: V^TT"* ^ ^ 

, g ene encoding the antigen a , ^^S^ST^^ 

h :::: e :ay rsr^r* r; m z be — ™° 

y transtected cells of a human diploid cell lino 
Such cell lines have been tested for safety for th! Tof 
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human vaccine manufacture. An appropriate cell line is the 
MRC5 cell line. 

Allogeneic lymphocytes which present a class II 
antigen may be administered to a patient. The lymphocytes may 
5 be given as live cells, for example as a blood transfusion. 
Alternatively they may also be given as fixed or inactivated 
cells. The lymphocytes may be ones in which the expression of 
the class II antigen has been enhanced, for example by 
stimulation with a mitogen or gamma-interf eron. 

The antigen may be used to vaccinate a host against 
an immunodeficiency virus. The host may be a human or animal 
but typically it will be wished to vaccinate a human against a 
human immunodeficiency virus (HIV) . That virus may be HIV-l or 
HIV-2. A prophylactic treatment for disease states 
attributable to infection by an immunodeficiency virus can 
therefore be provided. The class II antigen may in particular 
act as an AIDS vaccine. 

An effective amount of the antigen is administered 
to a host it is wished to vaccinate. The antigen in whichever 
form, can be given parenterally , for example subcutaneous ly, 
intramuscularly or intravenously. The amount of antigen per 
dose depends on a variety of factors such as the age and the 
condition of the subject involved. A parenteral dose typically 
consists of from 2 0^g to 1 mg of antigen, for example from 50 
25 to 500 /ig of antigen. A number of doses may be given, for 
example from 2 to 4 doses over a period of up to six months. 
Each dose may be given one or two months apart. 

An agent for use as a vaccine against an 
immunodeficiency virus is therefore provided. A pharmaceutical 
30 composition also comprising a pharmaceutical^ acceptable 

carrier or diluent can be formulated. The composition is thus 
sterile and pyrogen-f ree. The composition may also comprise an 
adjuvant such as Al(OH) 3 or saponin. 

Compositions for intramuscular or subcutaneous 
35 injections may contain together with the antigen a 

pharmaceutical^ acceptable carrier, e.g. sterile water, olive 
oil, ethyl oleate, glycols e.g. propylene glycol, and if 
desired, a suitable amount of lidocaine hydrochloride. The 
solutions for intravenous injections or infusions may contain 
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as earner, for example, sterile water or preferably they My 
be xn the form of sterile aqueous isotonic saline solutions 

The MHC class II antigens can be safely used by 
virtue of their negligible toxicity. 

5 ™* following Examples illustrate the invention. 

JLXamp^ i 

^ In initial experiments relatively crude, inactivated 

C8166 cells (Virology, aj, 31-64. 1983 in which the cells .„ 
called C63/c«ll- 2 cells, or.partially'purif led virus ', 
^activated either by aldehydes or f-propiolactone, were given 
to groups of three or four cynomolgus leagues. F cur doses of 

15 lonthVr adminiSt « ed wlth * «st period of at least six 
15 months between the third and final doses. Three different 

adjuvants were used, either Quil-a (a purified saponin, , SAF -1 
(Syntex emulsion containing threonyl muramyl di-peptide or 
Freund-s adjuvant. Ea oh group of vaccinated aniLL, together 
with a group of unvaccinated controls, was challenged 

intravenously with 10 M1Ds0 of the 32H isolate of sivn,ac251 two 
weeKs after the final dose of vaccine. A u control animal's 

Z T, r T ed - VlrUS "**^y "<^ted «- provira! 

de *«=ted in peripheral blood lymphocytes after - 

amplification by polymerase chain reaction. Furthermore 

25 significant antibody responses to SIV were detected. " In 

contrast there was no evidence of virus infection to any of the 

vac cinated animals by any of these criteria. These experiments 

with inactivated. virus vaccines have been extended to show that 

30 at e mon::r" t , i0n SChedUle * *«• *™ 

by TchaL 1 3lSi dUra " 0n °* "«*««°» «. "Lssed 

by re-challenging animals four to six months after the final 

results T C T' ° f " &ht MCagUeS Vere P"*~ted. These 

results together with other published data".'.' demonstrate 

that inactivated vaccines induce a powerful nm*.-n 

ctv powerrux protection against 

SIV infectxon m macaques and that this protection is still 
detectable at least 6 months after the completion of 
vaccination. 
Cross-P rotect: i on 

The breadth of protection induced by siv vaccines 
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was investigated by vaccinating eight rhesus and eight 
cynomolgus macaques with formalin inactivated SIV using SAF-1 
as adjuvant. Two weeks after the fourth dose of vaccine, four 
rhesus and four cynomolgus monkeys were challenged with the 
5 homologous virus/ All eight animals were completely protected 
against infection. The four remaining rhesus monkeys were 
challenged with 10MID 50 of SlV^ itmB67Q (kindly supplied by Dr. M. 
Murphy-Corb) . These animals also resisted infection. The 
remaining four cynomolgus macaques were challenged with 10MID 50 

10 of HIV-2 SBL6669 (kindly supplied by Drs. P. Putkonen and G. 

Biberfield) . These animals all became infected. Analysis of 
the viruses involved in these cross-protection experiments 
revealed that SIVmac251 and SIV delta share 83% identity in the 
amino acid sequences of their envelope proteins. In contrast, 

15 SIVmac251 and HIV-2 SBL are only 73% identical in the envelope 
protein. The antigenic diversity of these viruses was 
established using a panel of 30 monoclonal antibodies made 
against the envelope protein of SIVmac251. Although all of 
these antibodies reacted with the vaccine virus in an ELISA 

20 assay, 11 failed to react with SIV delta and 20 failed to reach 
with HIV-2 SBL . These results indicate that inactivated vaccine 
prepared from SIVmac completely protects animals against 
challenge with the antigenically distinct strain of SIV deltfl/ but 
that this cross-protection does not extend to the more 

25 distantly related HIV-2 virus. Thus, the antigenic variability 
of immunodeficiency viruses may not be as big an obstacle to 
successful vaccination as was originally feared. However, this 
conclusion may require reinterpretation in the light of anti- 
cell responses discussed below. 

30 Mucosal Immunity 

The problem of inducing protection at a mucosal 
surface was investigated using the intrarectal route of 
challenge. The standard challenge virus pool of the 32H 
isolate of SIVmac251, which had been used in all the previous 

3 5 intravenous challenges, was first titrated in rhesus macaques 
using the intrarectal route. One thousand times more viruses 
was required to infect monkeys by this route, but the 
subsequent course of infection was essentially 

indistinguishable from that following intravenous inoculation. 
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f^Lli eSUS DaCiqUeS Were the " ™«*»"«» subcutaneously with 

I °Z Z'TZZT" 7 usin9 "~ as ad3uvant - *» 

intrarect a Ty J: i°l» a ? I Cha " en9ed 
5 10MI D 50 based on the intrarectal titration 

10 C»» e Pq<* with cn- f.. ^,,,.^ „ fr i _ 

from the spleen'L aSS ° Ci " ed Challe " 9e Vi ™ s — prepared 

in,!! ! " Cynonol 9 us »"»«5»e J82 which had been 

infected „th the 32H isolate of SIVaac2 5 l ten weeks 

is ti™t v^T" " " 11S "™ «- then 

- ^^^nrs:^- ^ «•« — — »>. 

LT loo. and , 5 respectively' ^ £ 

four cynomolus macaques were sel ec ^H „• k w challenge, 

^ _ i -| . . . -^xcc <ji virus for twelve months 

following lni tial challenge were revaccinated and two weeL 
later challenged intravenously with «.i i • 
(Table 31 Tho f y Xth cen -^sociated virus 

0H A were detected repeated!, in the ^ItJ^lT 

, - «- — to ^^^s: - r— 



Recomb inant Vaccina 



The specific compounds within the inactivated 
vaccne which were responsive for the protection were Lt 
sou 9 ht by immunization with a variety of recombinant P rZL 
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derived from SIV genes. Groups of four monkeys were immunised 
either with p27 expressed on yeast virus-like particles and 
combined with aluminium hydroxide, or with purified gpl60 
derived from a recombinant vaccinia virus, or gp!3 0 expressed 
5 in CHO cells, or gpl4 0 expressed by baculovirus. Each of the 
envelope proteins was administered with the Syntex adjuvant 
formulation. Vaccines were given in four doses and the animals 
were challenged with 10MID 50 of SIV two weeks after the final 
dose, together with groups of four unvaccinated control 
10 animals. All of these monkeys became infected except one which 
was vaccinated with the baculovirus derived gpl4 0. Thus 
although recombinant proteins were able to induce high titres 
of antibody against SIV envelope, they were not able to protect 
animals against intravenous challenge, 
15 Immune Correlates of Protection 

The immune responses which correlated with 
protection were analysed by measuring antibody titres in sera 
taken on the day of challenge from 55 vaccinated macaques used 
in these studies. Forty three animals had received inactivated 
vaccines and 12 a recombinant envelope protein (Table 4). 
Neutralising antibodies were measured against SIVmac251 grown 
as a persistent infection in HUT-78 cells. The mean titre of 
neutralizing antibody in the group of 32 macaques which 
received inactivated vaccine and were protected was log 10 2.0 + 
25 0.5. The same mean value was found in the group of 11 animals 
which were unprotected. Furthermore the 11 animals vaccinated 
with recombinant envelope proteins and unprotected, had a 
higher mean titre of log 10 2.9 ± 0.5. Thus there was no clear 
correlation between titres of neutralising antibodies and 
30 protection in these animals. Titration of these sera against 
recombinant envelope gpl4 0 by ELISA also failed to show any 
correlation with protection. Similarly, although these 
vaccines induced strong T-helper cell proliferation responses 
to SIV, and in some cases MHC class-II restricted cytotoxic 
3 5 cells, there was no obvious correlation between the cellular 
responses to SIV and protection. Our failure to find any 
correlation between the powerful protection we have, observed 
following vaccination and any of the immune responses which we 
had measured was disturbing. However, it is possible that the 
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immunological assays „. used were inappropriate. 
Bes °°"'" T'T rr, rt , mnt - 

At this point results of a further vaccine 

5 ITslTT be9Sn t0 eMr9e VhiCh °" ered sanation for our 
5 observations (Table 5) . This experiment was originally 

designed to examine if the two doses of vaccine were sufficient 

to protect against intravenous challenge with cell-fee llZ 

cZeTlT 1 *"* MCiqUeS -tth siv-infecteT 

C8166 cells using Q uil-A as adjuvant at weeks 0 and 4 A 

wlthT T"" °* '° Ur aniMlS Were si »"«ly vaccinate hut 

f C8166 CellS - B ° th *™* S "« challenged with 

one Of the "f 17,15 ^ ° f 

one of the four annals vaccinated with SIV-infected cells 

became infected but, surprisingly, only two of the four 

con" 12 t e he U " h UnlnfeCted CS11S be " Be • «-r to - 

confirm these surprising results the protected animals were 

further vaccinated at week 26 and re-challenged two weeks Lter 

waT "in w ::: fou i naive ™ r- 

. die ITllT 7 " aniMlS ilM " Un iSed ""infected ■ 

CS166 cells, whereas all four unvaccinated control animals 

became infected. Antibodies to the cellule 

ne ce Hular component of these ~ 

1 " , a! (TablS ~ » tiE " ^ "tibody - 

uLrotel T Pr ° teCted aniMis — I-,. 3.5 and in the five 
unprotected animals log, 0 2.4. The difference between these 

antiLdT: "T hl9Hly Si9nifi " nt " *~ly-i- «* anti-cell 
antibody levels m all the animals which had received 

TrlltZT r 01 "" Sh ° Wed 8 Si " ilar ^tween 
protected and unprotected animals. Thus there was a 

cellar C ! rrelatl0n b " Ween the tit™ of antibody to C81 66 
cells and protection in these animals. 

Conclusions 

inactivated 111 " 6 "^" 8 deB ° nstra " « least 3 'different 

The Prltlct- Pr0t6Ct "^'"^ cell-free SI V. 

The protection induced is potent since neither virus nor 

proved Ca ." te deteCted ^ ^"ated animals over 

prolonged periods following challenge. Five different 
adjuvants and a variety of immunization procedures are 
effective. The inactivated vaccines protect against 
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heterologous challenge with SIV deltB but not against HIV-2 . The 
immunity against challenge is reduced but still detectable at 
four and eight months post-vaccination. Parenteral vaccination 
with inactivated virus protects against intrarectal challenge 
5 with cell-free virus, but not against intravenous challenge 
with SIV-infected simian spleen cells. Three different 
preparations of SIV envelope protein were shown to be highly 
immunogenic, but failed to protect against live intravenous 
challenge. The protection observed failed to correlate with 

10 any of the immune reactions to SIV which were measured. 

However there was a correlation between protection and levels 
of antibody to C8166 cells. These results suggest that the 
protection observed may be mediated at least in part, by immune 
responses to cellular components present within the inactivated 

15 vaccines. 
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ExamnT? p 

human T ceJs Ts"™ n r e Pr0teC " 0n ed by uninfected 

fibroblasts) A thii-H ° ellS ( rabfa it kidney 

comprised 2 x 10« cells and 10/Ig of Cu A A T he 
0 administered subcutaneously at 0. < . *" „ T'™* 

after the final dose of vacci„ e I, \! TW ° Vee * s 

with 10 monkey infectlonsT leagues were challenged 

■*<=y inrectious doses (MID„) of simian 

immunodeficiency virus (sivmac32H> which had b 

C8166 cells v<~,. wnich had been grown in 

■> control anLJ Inl £ ' " d>t " t ~ in *" «» 

cmy two =;;: ou r "r:i„ v : 8 c i c ;r te i 1 with ceiis tut in 

* yj-ven C8166 cells (Table 2 1) 
To confirm and extend this observation th- «- 
protected animals were given another dose Z cTl 6 e c \T° 
weeks. Two weeks C8166 cells at 30 

challenged with 10 MID TL ZV^ """^ "« 

SIVsm3 which had heL grol n in h 9eni " lly diSti " =t VirUS < 

«een grown in human peripheral 

mononuclear cells (PBMC) from at least twoT 
centromere all in ,ected hut the^o ^ 

10 MID,, of sivmac25i n Z ■ Ur contr °l=. with 

became infected " Sinia " the 

cens proteira^rfrrrerrrr 3 that - 

strains of sxv .rown in h^r, c^lTS""^ 

identical with the cells used L the v "° t 

«- not extend to SXV gro™ L simL„ ce'ls"!' ^ Pr ° te " i0n 
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10 



VACCINE 


DOSES 
(WKS) 


OUTCOME OF CHALLENGE * 


1st 


2nd 


3rd 


Uninfected C8166 cells + 
Quil A 


0,4,8,16 
30 
44 


2/4 


0/2 


2/2 


Uninfected RK-13 cells + 
Quil A 


0,4,8,16 


4/4 






None 




4/4 






None 






4/4 




None 








4/4 



No. monkeys infected/No. monkeys challenged 



Example 3 

15 Tne major antigens present on the surface of 

allogeneic or xenogeneic T cells are the major 
histocompatibility antigens (MHC) class I and class II. To 
determine if these were responsible for the protection observed 
groups of four cynomolgus macaques were immunised with either 

20 a) normal mouse fibroblasts (L cells) , b) L cells (8024 line) 
transfected with the human genes for MHC class I (HLA B7 + p z 
microglobulin) or c) L cells (8115 line) transfected with the 
human genes for MHC class II (HLA-DR4) . By fluorescent . 
antibody staining, over 90% of 8024 and 8115 cells were 

25 expressing class I or class II antigen respectively. The cells 
were gently fixed in 0.075% glutaraldehyde and combined with 
10/xg of Quil A as adjuvant (Table 7) . Animals were given 2 x 
10 6 cells subcutaneously on four occasions at 0,4,8 and 16 
weeks. Two weeks after the last dose, all twelve animals were 

3 0 challenged intravenously with 10 MID 50 of SIVmac32H grown in 
C8166 cells. All the animals in groups a) and b) became 
infected but only two of four given cells expressing class II. 

This result demonstrates that human MHC class II, 
namely HLA-DR4 , can protect animals against SIV grown in human 

35 T cells. 
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es 



VACCINE 



DOSES (WEEKS) 



OUTCOME * 



a) Normal L cells 



0,4,8,16 



4/4 



b) L cells (8024) 

expressing class I 



0,4,8, 16 



4/4 



10 



15 



20 



25 



c) L cells (8115) 

expressing class II 



0,4,8,16 



2/4 



No. 



monkeys infected/No. monkeys challenged with SIVmac3 



2H. 
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CLAIMS 

I. A major histocompatibility complex class II 
antigen for use in a method for treatment of the human or 
animal body by therapy. 

5 2. An antigen according to claim 1 for use as a 

vaccine against an immunodeficiency virus. 

3. An antigen according to claim 2, wherein the 
virus is human immunodeficiency virus (HIV) . 

4. An antigen according to claim 3, wherein the 
10 virus is HIV-1. 

5. An antigen according to claim 3, wherein the 
virus is HIV-2. 

6. An antigen according to any of the preceding 
claims, which is a human class II antigen. 

15 7, An antigen according to claim 6, which is a 

H LA-DP, HLA-DQ or HLA-DR antigen. 

8. A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier or diluent and, as active 
ingredient, a major histocompatibility complex class II 

2 0 antigen. 

9. Use of a major histocompatibility complex class 
II antigen in the manufacture of a medicament for use as a 
vaccine against an immunodeficiency virus. 

10. A method of vaccinating a host against an 

2 5 immunodeficiency virus, which method comprising administering 

to the host an effective amount of a major histocompatibility 
complex class II antigen. 

II. An agent useful as a vaccine against an 
immunodeficiency virus, which agent comprises a major 

3 0 histocompatibility complex class II antigen. 
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